As observed throughout the financial crisis in 2008, credit default swaps (CDSs
INTRODUCTION
During the recent financial crisis, in addition to widening credit default swap (CDS) spreads, investors were faced with the unexpected termination of CDS contracts due to the default of protection sellers. During the weeks prior to the Lehman Brothers default, for example, it was reported that CDS traders paid lower CDS spreads in cases where Lehman Brothers acted as a protection seller. It became clear to the protection buyers of CDS contracts that they are not only exposed to the credit risk of the reference entity but also to the default probability of the protection seller. We therefore define counterparty risk as the default probability of the protection seller. Previously, financial literature on the valuation of credit default swaps has recommended a default correlation framework in the style of Merton (1974) to capture counterparty risk. This approach relies on long-term ex ante asset correlations in order to assess ex interim default correlation between the protection seller and the underlying reference entity. As observed throughout the financial crisis, this framework was not able to fully reflect the counterparty risk exposure of CDS contracts. 1 Against this background, our paper aims to introduce and empirically test two different proxies for counterparty risk. Our first measure directly reflects changes in market perceptions of counterparty risk, and refers to the credit risk of the banks trading CDS contracts (average banks' CDS spreads) adjusted according to the corresponding CDS index level. We thereby create abnormal counterparty spreads in excess of market levels. For our second measure we follow the approach of modeling default correlations between the reference entity and the protection seller based on asset return correlation structures (see Hull and White (2001) ).
The recent financial crisis has shown that the dominating pricing models for CDS contracts do not fully reflect the risk exposure of the CDS contracts. We contribute to the existing literature by extending the framework for modeling counterparty risk by proposing a short-term market-oriented perspective. By introducing our marketbased measure we are able to reflect the current market conditions of counterparties more accurately and do not have to rely only on long-term ex ante data. This allows us to immediately mirror changing market conditions such as increasing credit risk or volatility spikes.
In order to test this hypothesis empirically, we conduct a panel regression analysis based on CDS contracts from 2004 to 2009 in Europe and North America. We adjust for entity-fixed and time-fixed effects and develop two counterparty default measures, which are analyzed both individually and in the context of additional determinants of CDS spreads.
Our results have three dimensions. First, it is shown that counterparty default risk measures, which have been adjusted for the level of the respective CDS index, have a negative impact on CDS spreads in Europe and in North America in the specified period of time. Abnormal counterparty CDS spreads lead to lower CDS spreads for the protection buyer, whereas the impact of counterparty risk decreases as the creditworthiness of the underlying reference entity increases. Second, we find that counterparty risk had already been reflected in the CDS spreads for North American reference entities prior to the financial crisis, whereas, for European reference entities, the pricing impact only intensified with the outbreak of the financial crisis in September 2008.
taking into account counterparty default risk and compute the default correlation between two firms from their respective credit index correlation. The higher the default correlation between the buyer and the seller of the CDS and the lower the credit quality of the issuer, the higher the impact of the default correlation on counterparty default risk. Mahfoudhi (2011) proposes a CDS tree model that simplifies and unifies the CDS valuation based on the incorporating of extended market data, which might also help to incorporate counterparty default components assuming that these are contained in market prices.
The second branch of literature deals with pricing determinants of CDS spreads. A wide range of microeconomic and macroeconomic factors have been analyzed in this context. Early empirical research shows that, besides the rating of the underlying being the most powerful source of information, other factors, such as risk-free interest rate, stock return of the reference entity, interest rate volatility, maturity and exercise price, should be incorporated into models (see Skinner and Townend (2002) ). Longstaff et al (2005) find that implied CDS spreads significantly exceed market spreads due to treasury specifications, illiquidity in corporate bond markets and the presence of counterparty credit risk. Das et al (2009) compare the explanatory power of accounting-based and market-based models of CDS spreads and find that models including both accounting and market information perform better than separate models. Alexander and Kaeck (2008) demonstrate that, in times of economic turbulence, CDS spreads react more sensitively toward equity volatility, whereas CDS spreads are usually more sensitive with regard to equity returns. Ericsson et al (2009) conclude that theoretically implied variables, such as leverage and volatility, explain a significant proportion of CDS variations. In contrast to the majority of empirical analyses on the determinants of CDS spreads, Pires et al (2008) apply a quantile regression approach in order to model the distribution of CDS spreads. The authors reveal that results differ significantly between lower-and higher-rated firms and claim that, besides traditional variables, a transaction costs perspective should be included in the regression model. Additionally, Fabozzi et al (2007) analyze the variables of risk-free term structure, industry, credit rating and liquidity and find a positive relationship between the liquidity factors and CDS premiums. By establishing liquidity proxies capturing adverse selection, inventory costs and search frictions, Tang and Yan (2007) provide evidence that liquidity risk and liquidity level explain a significant proportion of CDS spread variation. Byström (2005) and Zhang et al (2008) specifically investigate the impact of equity returns and volatility of the reference entity on the CDS premium. Exploring the relationship between the CDS index market and the stock market, Byström (2005) shows that CDS spreads tighten in response to increasing stock prices and that stock price volatility is positively correlated with CDS prices. Having controlled for historical default probabilities and by calibrating a structural valuation model with stochastic equity volatility and jump risks, Zhang et al (2008) explain 73% of the variation of CDS spreads. Houweling and Vorst (2001) conduct an empirical analysis comparing CDS spreads implied by a simple reduced-form framework with market CDS spreads derived from the underlying bond's credit spread. Using swap or repurchasing agreements (repo) curves instead of the treasury rate as a proxy for the riskless interest rate, they maintain an outperformance of model-implied CDS spreads compared with market practice.
DATA SAMPLE
The ensuing analysis on the impact of counterparty risk on CDS spread levels is based on a data sample of 198 different reference entities. Our data set includes both European and North American reference entities, and all are derived from the major CDS indexes. The CDS contracts analyzed are taken from the Markit iTraxx Index Series 1 for the European market and from the Markit CDX Investment Grade Index Series 3 for the North American market. Our analysis focuses on the most liquid and most frequently traded contracts in terms of transaction volume. Thus, we are able to exclude any potential bias relating to company size or trading volume, since all CDS contracts are written on large blue chip companies. The time period of this analysis is restricted to the trading period of the selected indexes and ranges from September 2004 to December 2009. In terms of maturity structure and underlying securities we follow existing finance literature and use CDS contracts on corporate senior debt with a fixed maturity of five years.
Following Zhang et al (2008) , where monthly data is favored in order to minimize the effect of autocorrelation resulting in a mitigation of an estimation bias, we apply monthly data for our panel analysis. As Zhang et al (2008) suggest, high CDS spreads, which indicate the existence of bilateral agreements on upfront payments observations with spreads above 15%, are removed from the data. 2 We excluded all reference entities that were either not publicly listed (so that no information regarding the equity returns and volatility could be retrieved) or had CDS spreads quoted for less than twenty-four months.All data is retrieved from Bloomberg. originate from different industries as well as incorporating different rating classes, which further reduces the probability that our results are affected by a selection bias. Rating values are assigned according to a Standard & Poor's rating or, if this is not available, the Moody's credit rating is used. In total, the iTraxx data sample consists of 5379 observations and the CDX data sample consists of 5053 observations. For the subsequent regression analysis we further excluded observations with differenced CDS spreads exceeding the 10% limit in order to ensure that individual events such as low liquidity levels do not affect our empirical results. Despite this, the total number of excluded CDS spreads is on a very modest level. Table 1 presents an overview of the yearly mean CDS spreads across the different rating categories. The aforementioned negative relationship between quality of rating class (eg, low default probability) and level of CDS spreads is also confirmed for our data sample. Additionally, we detect an already well-documented trend of decreasing mean CDS spreads until 2006-7 and a sudden increase with the beginning of the financial crisis in 2008. Table 2 on page 70 displays summary statistics of the CDS pricing determinants. We divided the results into two parts (Europe and North America) and listed both the counterparty risk measure and the control variables accordingly. In this context it becomes obvious that the characteristics for the CDS markets in North America and in Europe are quite different (eg, higher liquidity and leverage for the US sample). Thus, we will separate our regression analysis into a US and a European sample. We also observe that the financial crisis has a significant impact on the different pricing components of CDS spreads with the pricing conditions tightening after September 2008.
METHODOLOGY

Counterparty risk and credit default swaps
In what follows, we introduce two different measures for including counterparty risk in a CDS pricing model. The first variable (CPDR1) does not rely only on default correlation patterns derived from Merton (1974) style ex ante asset/debt returns but mimics ex interim market conditions. The second variable offers a solution incorporating asset correlation structures as introduced by White (2000, 2001) . In a second step we introduce a series of additional control variables that are all derived from the existing literature and have exhibited significant pricing power for determining CDS spreads. As discussed above, default risk has a negative impact on CDS premiums (see Hull and White (2001) ). Furthermore, the interdependent risk of default between the underlying reference entity and the issuing counterparty are to be considered. As counterparty specific quotes for single CDS quotes are not available in the common CDS databases (eg, Markit) provided by Bloomberg, Datastream or Reuters, two proxies for aggregate counterparty default risk are computed.
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With the first proxy we try to overcome this lack of data transparency by designing an average measure for counterparty risk by adjusting for market sentiment. The Markit platform provides an overview of the banks contributing to the iTraxx and CDX index.
5 Thus, we compute the first proxy of counterparty default risk by taking the arithmetic mean of CDS spreads of all banks contributing to the specific index implying the overall creditworthiness of the contributing counterparties on an actualto-actual basis. In a second step, we extract the general market sentiment in order to create our first measure for counterparty risk (CPDR1). At each trading point we subtract the corresponding quote of the iTraxx index or the CDX index from the arithmetic mean of CDS spreads of all counterparties. Counterparties are defined as banks contributing to the respective iTraxx or CDX index as quoted by Bloomberg. In this way we are able to isolate changes of the relevant CDS counterparties from the index level resulting in abnormal counterparty risk spreads:
The reasons why banks contributing trading data to Markit do not want the individual quotes to be published are easy to comprehend: they would be exposed to market suspicion in times of financial turbulence, as experienced by Lehman Brothers in August/September 2008, when, within the interbanking market, the Lehman Brothers counterparty risk did indeed lead to higher CDS spreads compared with other CDS contracts for the very same reference entity and maturity structure. 5 The CDS index is a list of twenty-five banks in total providing their CDS spreads for the index constituents to Markit Financial Information Services. Thus, CPDR1 t reflects the pooled default risk of the contributing banks, minus the overall credit risk in the market. 6 By doing so, our pricing model reflects current market conditions of counterparties and does not rely on ex ante data only. This allows us to immediately mirror changing market conditions such as increasing credit risk or volatility spikes. As observed throughout the financial crisis, the approach of Hull and White (2001) had the drawback that it was not able to immediately adjust for the increase in credit risk of the major counterparties. Additionally, we also derived our measure from observed market prices for credit risk and do not solely rely on an indirect link via asset returns. 6 The importance of counterparty risk is even accentuated by the fact that modern banks use CDSbased credit value adjustments as a measurement of counterparty credit risk on over-the-counter derivative transactions and to adjust their liabilities based on their own credit quality. They do this by adjusting the discount rate curve by the counterparty CDS spread curve. This approach is only reasonable for good counterparties, but it necessitates the analysis presented in this paper. There is, however, a risk-mitigation technique in place that might reduce counterparty risk, ie, margin calls that become effective with a deterioration of credit quality of the counterparty if the contract is closed under standard swap agreements based on International Swaps and Derivatives Association rules. We argue, however, that margining always carries severe risks, as it is usually triggered by a counterparty rating migration. Ratings are long-term and stable by definition (through-the-cycle, Altman and Rijken (2004) ) and have been heavily criticized for not reflecting current market evaluation (see, for example, the Lehman Brothers case). Therefore, margining helps to avert a slow but steady path to default, but does not mitigate the risk of a default overnight. A second proxy for counterparty default risk is computed by measuring the default correlation of the individual CDS i at time t :
The default correlation proxy DEFCOR it is constructed as the correlation coefficient between the firm equity returns and the arithmetic mean of the equity returns of the counterparties at the trading point in time t applying a regression analysis over a rolling time frame of twenty-four months prior to time t . Since it incorporates ex ante correlation patterns it is in line with the existing financial literature on CDS counterparty risk pricing White (2000, 2001) ).
Control determinants
Based on Das et al (2009) we organize the control determinants into three groups: market-based, firm-specific and trade-specific determinants.
Market-based determinants
With regard to the risk-free rate of return, a negative correlation is expected and may be explained by the existence of lower spot rates during recessionary times, implying a higher number of corporate defaults (Benkert (2004) ). Hence, the increased probability of default of the reference entity would result in an enhanced CDS premium. The long-term risk-free rate is approximated by ten-year Treasury bond yields and the short-term rate is approximated by two-year Treasury bond yields. For the European sample the Treasury bond yields of the respective country of the underlying are applied. From a macroeconomic perspective, the impact of the slope of the term structure on CDS spreads is ambiguous and may be interpreted both as an indicator for the future economic conditions (Estrella and Mishkin (1996) ) and an inflation indicator (Zhang et al (2008) ). On the one hand, a higher slope of the term structure would imply an anticipated improvement of the overall economy resulting in lower default probabilities and therefore decreasing CDS spreads. On the other hand, a higher slope of the term structure would be associated with increasing inflation rates, implying restrictive central bank initiatives resulting in a worsening of business conditions and consequently higher CDS premiums. In accordance with Ericsson et al (2009 ) the slope of the term structure is computed as the difference between the tenyear (long) and the two-year (short) risk-free interest rates of the respective country of origin. Increasing market returns reflect improving conditions in the overall economy that consequently result in decreasing CDS spreads. Furthermore, inclining market volatility implies increasing uncertainty regarding the economic conditions. Therefore, high market volatility would have a positive effect on CDS premiums (Zhang et al (2008) ). Moreover, the respective CDS index (index t ) also serves as an indicator for market development. The index is defined as the equally weighted average of the constituent CDS spreads. Therefore, an increase in the CDS index is expected to be positively correlated with the CDS premium. In order to establish consistency to the drawn sample over time, the European index equals the Markit iTraxx Index Series 1 and the North American index equals the Markit CDX Investment Grade Index Series 3.
Firm-specific determinants
The rating class is used as a proxy of the underlying firms' credit quality. A good credit rating implies a lower probability of default and, hence, results in a decreased CDS premium (Daniels and Jensen (2005) ). For the underlying firms' credit ratings the Standard & Poor's long-term issuer credit rating is retrieved, if available, and in the other cases the Moody's senior debt rating is used. In line with Cossin and Hricko (2001) the ratings will either be analyzed by introducing dummy variables for each rating class or by assigning numeric values (rating i ) to each rating class ranging from 1 for the highest rating (AAA or Aaa) to 17 for the lowest rating class (C).
A firm defaults if the value of its assets drops below the value of its debt (Merton (1974)). By implication, the leverage ratio of the reference entity is crucial for determining the distance to default as a high leverage would imply a higher probability of crossing the default barrier. In other words, an increase in leverage results in an increased probability of default and consequently in an increase of the CDS premiums. In line with Ericsson et al (2009) the leverage ratio of the reference firm is computed as:
total liabilities it C preferred equity it market value .equity/ it C total liabilities it C preferred equity it (4.3) whereas total liabilities and preferred equity are book values being quoted on a quarterly basis and the market value of equity equals the market capitalization defined as the factor of the last equity price and the number of shares outstanding at the end of month t . In accordance with the influence of leverage on CDS spreads, positive firmspecific equity returns augment the value of equity and, hence, diminish the leverage of the firm. Accordingly, the CDS spread is supposedly negatively impacted by equity returns (see Zhang et al (2008) ). Black and Scholes (1973) define equity as a European call option on the underlying firm's assets, where the level of debt constitutes the strike price. Thus, enhanced asset volatility would increase the probability that the asset value will fall below the debt level and accordingly leads to an augmented default probability. Therefore, asset volatility positively influences CDS spreads. Following the approach of Cossin and Hricko (2001) , the equity volatility eqvol it is computed first by applying the geometric Brownian motion as a scaling measure using the mean return t and standard deviation t over the twenty-four months prior to time t . Analogously, historical market volatility marketvol it is estimated.
Trade-specific determinants
In bond markets higher liquidity generally results in decreased compensation for liquidity risk and hence in a diminished yield spread (see Amihud and Mendelson (1991) ). Tang and Yan (2007) document a comparable pattern for CDS markets. In line with their research we use relative bid-ask spreads divided by the mid-market last price quote of the traded instruments in order to obtain a proxy for the liquidity from a transaction costs perspective. The monthly last mid, bid and ask quotes are derived for each CDS contract.
EMPIRICAL RESULTS
Baseline regressions
In order to determine the impact of the cross-sectional and time-series variables described in the previous section, a panel data analysis is conducted for a multifactor model. To obtain unbiased and efficient results we test whether the time series model variables exhibit autocorrelation by the Lagrangian multiplier test (Wooldridge (2002) ) and to what extent individual exogenous variables are related to each other due to multicollinearity. In order to adjust for serial autocorrelation of order one as well as for nonstationary attributes, the first differences approach is applied. Multicollinear attributes were removed from the selection of pricing determinants: short-term interest rate (d interest 2 it ), slope of the term structure (d slope it ) and market volatility (d eqvol it ). Nevertheless, the impact of the excluded variables is analyzed separately in the robustness section. As the variable rating i only captures the cross-section, the variable drops out in the panel regression approach but will be analyzed in more depth later on. Based on a Hausman test, a fixed-effects model is specified for the analysis of the determinants of CDS spreads for our regression model. Additionally, relying on a joint Wald test, the model is adapted so that not only entity-fixed but also time-fixed effects are taken into account.
7 Taking these adjustments into account and adapting them with the different control variables, the general regression model is designed as:
with a i and a y representing entity-fixed and time-fixed effects. 7 In order to test for the presence of homoskedasticity, that is, that the error terms e it have a constant variance for i and t , a modified Wald test for grouped heteroskedasticity is performed with the null hypothesis that the variance of one group i equals the overall variance ( 2 i D 2 overall ). The null hypothesis is rejected on high significance levels in all cases. In order to control for heteroskedasticity, a heteroskedasticity-robust error variance matrix is employed (White (1980) ).
Based on the general regression model in formula (5.1) we now investigate in detail the impact of our two measures for counterparty risk on CDS spreads. The main aim of this model (see Table 3 on the next page) is to test whether the inclusion of counterparty measures in addition to the well-documented CDS pricing determinants contributes to a better understanding of CDS pricing dynamics. If so, we would expect that counterparty risk or the corresponding measures CPDR1 and CPDR2 have a significant impact on CDS spreads. The multiple regressions of Table 3 on the next page all rely on time-and entity-fixed effects. Again, we divide our data sample into a European part (n D 5379) and a North American part (n D 5053). The applied data points correspond to the data sample presented throughout Section 3.
Before discussing the coefficients of the explanatory variables, the models will be analyzed with regard to their overall goodness of fit. For all models, high F -statistics indicate that all model parameters are different from zero. For the European sample, the R 2 values vary between 22.7% and 23.0%, whereas the corresponding R 2 values for North America are slightly lower and range between 19.45% and 19.50%. As documented in the robustness section, higher values are difficult to obtain since we decided to exclude the rating factor due to their static attributes as an independent variable whose inclusion would have driven up the corresponding R 2 values. With regard to both the control variables and the counterparty risk measures, we again detect diverging results for the European and North American data sample.
Europe
First, the results of the European panel regression model are discussed. We observe that our two counterparty risk measures have a significant impact on the CDS spreads. By applying CPDR1 to the data sample, counterparty risk is isolated from the general market sentiment. Based on the coefficients for CPDR1, we observe the expected results: the lower the protection sellers' credit quality, the lower the corresponding CDS spread. Therefore, we are able to empirically show a link between counterparty risk and the risk of the underlying reference entities. On an˛-level of 5%, the default correlation between the individual firm equity returns and the arithmetic mean of the equity returns of the counterparties also prove to be significant (CPDR2) with a high coefficient. Based on the observed positive coefficients for CPDR2, we are able to confirm the findings of White (2000, 2001 ) and agree that a higher correlation between reference entity and counterparty positively impacts the CDS spread levels. With regard to the set of control variables we now focus on liquidity and the leverage factor. In addition to the counterparty risk measures, these variables are the only components with a statistically significant impact on the CDS spreads within our multifactor model. We show that higher debt leverage leads to higher CDS spreads, whereas liquid CDS contracts carry lower CDS spreads. As suggested by empirical studies on 
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www.journalofcreditrisk.com bond markets, higher liquidity implies decreasing liquidity risk and consequently results in a lower yield spread (Fabozzi et al (2007) ). With liquidity being defined as the relative bid-ask spread, this relationship also holds for our referenced CDS sample. With regard to leverage, the implied negative correlation of the leverage ratio on the distance to default is also approved as CDS spreads are positively correlated with the leverage measure. Moreover, the equity returns (return firm ) are negatively correlated with the CDS spreads, whereas the positive market returns (return market ) come as a surprise. The coefficient of the iTraxx index t in the European sample exhibits negative correlation, however, at a statistically insignificant level. As a consequence of increased volatility in the financial markets throughout the analyzed time period, therefore, the iTraxx index does not serve as a reliable market-based determinant in the European case.
North America
As documented for Europe, CPDR1 also has a significant negative impact on the CDS pricing levels for the North American panel. Contrasting the results with Europe, however, only CPDR1 incorporates pricing power.
With regard to the control variables we also detect significantly different results. Individual firm equity returns, rather than liquidity and leverage, mainly drive the CDS spreads in addition to CPDR1. In the North American model, return firm exhibits a strongly negative coefficient that is statistically significant at the 5% level and in line with the theoretically expected impact that high equity returns indicate a higher distance to default. Therefore, we may conclude that, in the US market, the change of market returns serves as an indicator for the anticipated business conditions and that these conditions adversely affect the level of CDS premiums (even if we specifically ignore potential lag structures). For the North American data we are therefore able to confirm the earlier work of Norden and Weber (2004) . The coefficients of the CDX index t in the multiple panel regressions of the North American sample have a negative sign, albeit at a statistically insignificant level. Therefore, in an analogous way to the European sample, the CDX index does not serve as a reliable market-based determinant in the North American case for the time span considered within the scope of this analysis.
Effects of the financial crisis
In the case of analyzing CDS spread levels, the financial crisis has proven to be a significant factor affecting the spread level, resulting in an exponential increase of CDS spreads. The default of Lehman Brothers and the near default of AIG also highlighted the counterparty risk in the case of CDS trading activities. Consequently, we aim to investigate whether the impact of counterparty default risk on the pricing of CDS swaps has changed after the collapse of Lehman Brothers and the bailout of AIG in September 2008. Hence, Table 4 . It is noteworthy that the lagged variable market return is removed from the model as it exhibits a high degree of collinearity in the post-crisis subperiod for the US sample. In order to create consistent and comparable findings, the market return has been dropped accordingly.
Looking at the European sample, we find that both counterparty risk measures are significantly correlated with CDS spreads in the subperiod before September 2008, with CPDR1 being significant at the 1% level. However, in the pre-crisis period, CDS spreads are positively correlated with the defined counterparty measure. The coefficient for CPDR1 is only negative in the ex post time period (during the financial crisis), as documented in Table 4 on the next page. Following the argument that CPDR1 allows us to isolate the idiosyncratic risk of CDS trading counterparties, we find that buyers only began to demand a discount on CDS spreads in case of higher counterparty risk in the context of intensifying financial crisis protection. In other words, only the Lehman Brothers default and AIG bailout raised the awareness of protection buyers enough that they actually demanded lower CDS spreads due to the existence of counterparty risk. For CPDR2 we find stable results in terms of significance with a strongly increased coefficient for the time period after the financial crisis (from 4.11 to 22.63). This result might be interpreted as a strong indicator of the increased awareness of correlation in the market and the corresponding need to be compensated for this correlation-driven counterparty risk. With respect to control variables, we observe that liquidity is only important in pre-crisis times, which might be due to comparably wide bid-ask spreads in the time period at the beginning of the financial crisis.
Additionally, we see that the CDS index lost impact during the financial crisis, which might be explained by high spread volatility. The impact of leverage, in turn, remains constant. With regard to stock price volatility, the findings of previous empirical studies regarding the increased impact of stock price correlation on CDS spreads in times of crisis (Alexander and Kaeck (2008) ) are not supported for either the European or the North American parts of Table 4 on the next page.
The results from the North American sample differ from the European findings. Regarding the measures of counterparty default risk, we observe a negative correlation in terms of idiosyncratic counterparty risk (CPDR1) in both subsamples, albeit not statistically significant in both samples. Hence, this analysis gives diverging results for the two parts. In the European sample, CPDR1 is only negative after September 2008, whereas in the North American sample, CPDR1 is negative throughout the entire period. With regard to the correlation measure (CPDR2), it becomes obvious that the differentiation in the two samples provides no further insight compared with the Results of the multifactor panel data regressions comparing two subsamples: before and after the financial crisis; applying the fixed effect model with robust error variance matrix to the differenced sample for Europe and North America; model significance provided by a significant F-statistic. , and denote significance at the 10%, 5% and 1% levels, respectively. baseline regression as the coefficients are comparable, show the same direction and are not significant. Table 4 on the facing page also shows that CDS liquidity is also losing its impact for the North American sample in the time period after September 2008. It is also worth mentioning that the R 2 figures remain constant for the North American sample, but, for the European sample, we observe a significant drop from 43.69% to 19.61%. 8
Effects across rating categories
In a second step we control our results by comparing three different subsamples according to the rating categoriesAAA-A, BBB and BB-C, as we would like to further analyze where the shown effects come from. The results of counterparty default risk measure CPDR1, illustrated in Table 5 on the next page, are robust for the European data sample across the different rating categories, with no linear relationship across the rating classes. To investigate whether the negative impact of counterparty risk intensifies for clusters with lower rating, we pooled the data and attributed dummies to the rating categories BBB and BB-C. This allowed the calculation of interaction terms between our counterparty risk measures (CPDR1 and CPDR2) and the two relevant rating classes. As can be seen from Table 5 on the next page, there is a highly significant interaction term between CPDR1 and the lowest rating category BB-C. This provides enhanced proof of differentiation across rating categories. In particular, it shows the increased importance of the lowest rating class (compared with the other rating classes) for the relevance of counterparty risk measures. This implies an increased importance of counterparty risk for underlying reference entities with a higher probability of default. For the second measure, in contrast with Table 3 on page 76, we find a negative (though not significant) coefficient for the rating class with the highest credit quality. It is unsurprising, however, that, in the case of a very good reference entity rating, a high default correlation actually leads to decreasing counterparty risk, since it indirectly means that the counterparty also has a very good rating, which, in turn, should lower the CDS spreads by definition. This observation also makes perfect sense from an economic point of view as protection buyers would not buy protection from a counterparty that carries a rating below the rating of the reference entity. With regard to the lowest rating class we also find that the correlation-driven counterparty risk measure becomes relevant and significant. This again supports the above finding that (b) North America 
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www.journalofcreditrisk.com a differentiation across rating categories makes perfect sense as the lowest rating class contributes most to our empirical findings. However, we could not confirm this result at a significant level with regard to the respective interaction term. Not surprisingly, the impact of leverage comes down for the whole robustness check, since determination of rating classes relies heavily on balance sheet structure, which is, in turn, directly reflected in leverage ratios.
With regard to the North American sample, the cross-check for different rating classes reveals that the results for CPDR1 are robust, leading to significant results (1% level) for the BBB spectrum. Relating to CPDR2, Table 3 on page 76 displays an insignificant negative relation. Our cross-check in Table 5 on page 82, however, also shows that this negative correlation is largely driven by the BBB rating class with the other two rating categories displaying positive values. The interaction term for CPDR2 and the lowest rating class additionally indicates that the coefficient for this low rating category would also be negative considering this rating class only; these results are, however, not confirmed at a significant level with regard to interaction between rating class and counterparty risk measure. For the other control variables we observe significant coefficients primarily for the BBB rating class.
Robustness of the risk-free term structure
We performed several robustness checks in order to control for bias in our results due to the importance of swap rates and the slope of the term structure. Several determinants regarding the risk-free term structure -such as the two-year government bond yield, the slope of the yield curve and the swap rate -were excluded from the multiple regression model (5.1) due to multicollinearity. Therefore, analyses were run to provide further insights on the additional explanatory variables by adopting the robust time-fixed and entity-fixed effects adjusted panel regression model of Table 3 on page 76. Although the regressions are biased by multicollinearity (eg, lower R 2 ), we show that none of the three previously excluded factors leads to significant coefficients, nor does their inclusion change the explanatory power of the other variables (besides the documented multicollinearity attributes). These tables can be provided by the author upon request.
DISCUSSION
In the light of the current criticism of credit derivatives with regard to transparency issues and the interconnectedness of counterparty relations, the empirical analysis of CDS spreads presented here provides evidence for the question of whether counterparty default risk is adequately reflected in CDS spreads. It also addresses the question of whether CDS pricing differs in the European and US credit derivatives markets and whether pricing patterns have been adapted in response to the financial meltdown after the Lehman Brothers bankruptcy.
Reviewing the results of our analysis, we observe that, in particular, CPDR1 adds significantly to the understanding of the CDS pricing structure. 9 The negative coefficients strengthen the general idea that diminishing creditworthiness of protection sellers (eg, measured via increasing CDS spreads of CDS trades) drives up counterparty risk and should lead to lower CDS spreads for the protection buyer.
10 Alternatively, the impact of counterparty risk should decrease if the likelihood of default of the underlying reference entity decreases.
Indeed, according to our analyses for the different rating classes of the CDS reference entities, we find that the demanded discount by protection sellers on the CDS spreads decreases as the credit quality of the reference entity increases. The analysis for our two counterparty risk measures shows, for both Europe and North America, that the lower rating classes contribute more to the relevance of the measure than the higher rating categories do. This means that the lower the rating of the underlying reference entity is, the more important the counterparty risk compensation becomes. Furthermore, correlation matters to an increased extent for the lower market segment.
In the spirit of White (2000, 2001) we include the correlation structures of asset returns between reference entities and protection sellers as the second measure in our analysis. As displayed earlier, we detect empirical proof for this variable for the European market in particular (on the 5% level for Europe, not significant for North America). Thus, we note that correlation structures of asset returns incorporate explanatory power for counterparty risk. However, the results for this measure seem to be dominated by the previously discussed market-based counterparty risk measures. The importance of correlation in the European market is, however, remarkable in its development over time as it increases strongly after the financial crisis. We see this result as an indicator of increased investor awareness of correlation-driven counterparty risk in the markets after the financial crisis.
There has been much discussion about how, and in which ways, the financial crisis has affected capital markets, and CDS trading activities in particular. In the wake of the Lehman Brothers default, one of the main demands with regard to future regulation was the introduction of a central counterparty (CCP), which would significantly reduce or even totally eliminate the default risk of a CDS protection seller. Analyzing the 9 Following our empirical results in Table 3 on page 76, we note that a 1 basis point (bp) increase in the underlying credit risk of a protection seller acting as counterparty leads to an average CDS discount for the protection buyer of 0.699bps in Europe (and 1.105bps in the North America, which is not significant). 10 This result might also be interpreted in such a way that risk-mitigation techniques such as margining are considered to be ineffective by the markets. First, they only react to rating migration, and second, a margin call for already bad counterparties might trigger a default as they turn illiquid.
impact of the financial crisis on the importance of counterparty risk measures, we found that, for Europe, ex ante counterparty risk was not as important as it was ex post/during the crisis, with significant negative coefficients in the time period from September 2008. It appears as though the financial crisis has alerted market participants to the potential threat of counterparty default. For the North American sample, we observe the awareness of counterparty risk in terms of demanded CDS spread discount at a significant level before the financial crisis, but see insignificant positive coefficients in the months after the Lehman Brothers default. Since the results are not significant, and considering the extreme market turmoil in the US banking industry, we recommend that the importance of the results for North America should not be overstated. For Europe, however, a CCP would make perfect sense considering our empirical results.
However, the discussion on CCPs is controversial since, on the one hand, CCPs might reduce counterparty risk, but, on the other hand, these clearing houses are often operated by the major banks in the country. Even if CCPs bear most of the credit risk in a CDS transaction, the ultimate risk might again be with banks as counterparties, which only strengthens the importance of banks in the market and might inspire the interpretation of our empirical results. This development would obviously contradict current market sentiment and the regulators' attempts to reduce banks' market power and system relevance.
CONCLUSION
From the angle of analyzing counterparty risk in CDS trading activities, we propose two different measures in order to better capture the default risk of the CDS protection seller. The market-based measure CPDR1 refers directly to the credit risk of the banks trading CDS contracts focusing on abnormal counterparty CDS spreads. CPDR2 is developed in line with prior research by White (2000, 2001) and focuses on correlation structures of asset returns between CDS counterparties and traded reference entities. Based on an analysis for Europe and North America from 2004 until 2009, our main findings are as follows. First, we show that idiosyncratic counterparty risk is reflected in the pricing of CDS contracts leading to lower CDS spreads for the protection buyer, whereas the impact of counterparty risk decreases with increased creditworthiness of the underlying reference entity. Second, we find that counterparty risk (CPDR1) had already been reflected in the CDS spreads for North American reference entities prior to the financial crisis, whereas, for European reference entities, the pricing impact only intensified with the outbreak of the financial crisis in September 2008. Third, market-based counterparty risk measures seem to have a higher impact on the pricing of CDS contracts compared with measures relying on the correlation structures of asset returns of reference entities and CDS counterparties. We contribute to the existing literature by extending the framework of modeling counterparty risk by proposing a short-term market-oriented perspective. By introducing our market-based measures we are able to better reflect current market conditions of counterparties and do not have to rely only on long-term ex ante data. This allows us to immediately mirror changing market conditions like increasing credit risk or volatility spikes.
